Anaesthetic and surgical mortalities are high in the horse. Tevick [1] reported an overall death rate of 2.7 %. Even when the data for seriously ill horses were excluded from analysis, the death rate was 1.5%. Hall and Clarke [2] observed that anaesthesia per se appears to be one of the major causes of mortality and morbidity in equine surgery. Numerous studies have demonstrated that profound cardiovascular and respiratory changes are induced by anaesthesia in the horse; these have been reviewed by Hall [3] . However, there are few studies of other changes caused by anaesthesia in this species.
SUMMARY

Information on equine stress responses to an-
throughout the year but were stabled and starved overnight before anaesthesia.
One hour before anaesthesia was induced, a jugular vein and the raised carotid artery were catheterized under local analgesia and the ponies were premedicated with acepromazine 0.03 mg kg" 1 i.m. Anaesthesia was induced in the standing animal at 09:30, with thiopentone 10 mg kg" 1 i.v. The trachea was intubated as soon as the animal was laterally recumbent and halothane and oxygen were administered from a closed circle breathing system with an out-of-circle vaporizer (Fluotec Mark III; Ohmeda). Anaesthesia was maintained for 2 h; all animals breathed spontaneously. After tracheal extubation they were allowed to breathe air immediately after the halothane was discontinued. The ponies were allowed to recover from anaesthesia unsupported and undisturbed, but under observation.
Venous and arterial blood samples were withdrawn into heparinized tubes before premedication and anaesthesia (control), immediately after induction, at 20-min intervals during anaesthesia, at tracheal extubation, 20 min after anaesthesia and 2, 4, 6, and 24 h after anaesthesia. Arterial blood was immediately subjected to blood-gas analysis for Pa o ,, Pa ca , and pH (Corning 166). The haematocrit was recorded from the venous blood samples and plasma was stored at -20 °C until assayed.
Systemic arterial pressure was measured directly via the carotid catheter using a transducer (Roche Kontron system) at the same time intervals before and after anaesthesia and continuously during anaesthesia. Heart and ventilatory rates were recorded at each sampling time and ECG was recorded during anaesthesia. Pharyngeal temperature was measured using a thermistor (Yellow Springs Instrument Co.).
The depth of anaesthesia was monitored by clinical observation and maintained at a level suitable for most clinical purposes. The setting on the vaporizer and the fresh gas flow rate were similar in all animals. The quality of recovery from anaesthesia was assessed and the time from disconnection until they first moved, sat up and stood up was recorded. They were allowed access to food as soon as they were able to walk following recovery from anaesthesia.
Subsequent investigations
Eighteen months after the first anaesthetic, the ponies were anaesthetized again using the same procedure. In the intervening period each animal had been anaesthetized on at least 10 occasions with a variety of other methods. On this occasion the process of anaesthesia, recording and collection of samples was conducted in a manner identical to the first.
The effects of overnight starvation without subsequent anaesthesia were studied also. Preanaesthetic blood sampling and catheterization took place as before. Thereafter each pony was allowed to stand, undisturbed, in the anaesthetic box where the experiments normally took place. Venous blood samples were taken at 20-min intervals throughout anaesthesia and in the recovery period.
Biochemistry
Venous plasma was assayed for glucose, lactate, cortisol and insulin concentrations. ACTH and catecholamine concentrations were measured during the second anaesthetic period only. Liver and muscle enzyme activities, and total protein and non-esterified fatty acid concentrations were measured in the first anaesthetic period only.
Plasma concentrations of glucose and lactate were measured using standard colorimetric techniques modified for use on an automatic analyser.
Cortisol concentration was measured using radioimmunoassay (RIA) by the technique described by Rossdale and others [7] . Intra-and inter-assay coefficients of variation were 5.6 and 11.8%, respectively. Insulin concentration was measured by RIA as described by Fowden and others [8] . The intra-and inter-assay coefficients of variation were 7.1 % and 13.1 %, respectively.
Adrenocorticotrophic hormone (ACTH) immunoreactivity was measured using a commercially available kit (Immuno Nuclear Corporation) as described by Silver and others [9] in the horse. Catecholamine concentrations were measured by high pressure liquid chromatography (HPLC) using the method developed by Bioanalytical Systems Inc. for the Anachem HPLC system [10] . The intra-and inter-assay coefficients of variation were, respectively, 5.8% and 7.3% for adrenaline and 5.0 % and 6.2 % for noradrenaline.
Plasma aspartate amino transferase (AST), creatine kinase (CK), gamma glutamyl transferase (GGT) and sorbitol dehydrogenase (SDH) activities were measured using commercially available kits (Beckman and Boehringer Mannheim) and total plasma protein was measured by a Biuret method.
Non-esterified fatty acid concentration was measured using a commercially available enzymic kit (Wako Chemicals). The intra-and inter-assay coefficients of variation were 9.2% and 14.8%, respectively.
Statistics
Data are presented as means (SEM) and analysed by analysis of variance for repeated measures followed by Dunnet's test when appropriate. Correlations were performed using Pearson's test
RESULTS
First anaesthesia
The heart rate increased immediately after induction, but was stable thereafter (table I). The rate of ventilation decreased immediately after (1) 40 (1) 38 (1) 38 (1) 38 (1) 39 (1) 38 (1) 44 (4) 48 (4) 44 (2) 40 (2) / (b.p.m.)
10 (1) 3(1)* 7 (1) 8 (1) 10 (1) 9 (1) 9 (1) 10 (1) 8 (1) 8 (1) 10 (2) 10 (2) 10 ( (9) 128 (4) 116 (6) 118 (4) 121 (5) 129 (3) (kPa) (7) 24 (7) 25 (7) 21 (7) PCV (litre litre" (table II) .
Pa Oj increased substantially while the ponies breathed 100% oxygen during anaesthesia. It decreased below control values when the ponies were still recumbent breathing air in the recovery period (table I) . Pa COt increased slowly during anaesthesia and returned rapidly to normal when administration of halothane ceased (table I) .
Pharyngeal temperature decreased steadily during anaesthesia (table II) .
Plasma glucose concentration increased during anaesthesia in most animals, but there was considerable variation between individuals, and the overall increase was not significant. In one pony the plasma glucose concentration had increased by 8.8 mmol litre" 1 at 100 min of anaesthesia; there was little change in this period in two other ponies. In all cases glucose concentration increased substantially when the ponies were fed after anaesthesia (table II) . Plasma lactate concentration increased during anaesthesia, reaching a maximum 20 min after anaesthesia in the recovery period when the ponies were still recumbent (table III) . There was considerable individual variation in the plasma concentration of non-esterified fatty acids and no significant changes occurred (table II) . Plasma concentration of cortisol increased substantially during anaesthesia ( fig. 1 ). There was considerable individual variation in insulin concentration, but similar changes were seen in all animals: the concentration increased immediately after induction and decreased during anaesthesia. There was a substantial increase when the ponies were fed after anaesthesia ( fig. 2) .
There was considerable variation in enzyme activities and changes were neither remarkable nor significant. There were no significant changes in total protein (table III).
After disconnection from the anaesthetic machine, the ponies took 16 (2) min before making the first movement. They sat in sternal recumbency at 26 (4) min and stood up at 39 (6) min. Quality of recovery was good in four and very good in two. All the ponies behaved normally after anaesthesia and ate hay as soon as it was offered.
Same procedure 18 months later
The changes in cardiovascular and respiratory variables, temperature, haematocrit, metabolites and hormones were the same as those recorded in the first series of experiments.
There was considerable individual variation in the concentrations of catecholamine. Occasionally a substantial concentration of the catecholamine metabolite 3,4-dihydroxyphenylglycol was found in the sample under investigation. This was not consistent with any particular animal or sampling time and was apparently not related to any other changes recorded at that point. All noradrenaline concentrations decreased during anaesthesia, but the changes in adrenaline were less consistent ( fig. 3) .
Plasma ACTH immunoreactivity increased during anaesthesia in a manner similar to cortisol concentrations (table II) . ACTH and cortisol concentrations correlated for each time point throughout the experiment (r = 0.90, P < 0.0002).
Recovery times and quality (five ponies very good and one good) were similar to those in the original experiments.
Mock anaesthesia
Plasma concentration of cortisol did not change during either the "anaesthetic" or "post-anaesthetic" period. Plasma concentration of insulin did not change during the "anaesthetic" period, but increased in the "post-anaesthetic" period when the ponies were fed. These changes were significantly different from those which occurred during anaesthesia (figs 1, 2) .
Neither plasma glucose nor lactate concentrations changed during the anaesthetic period, resulting in values that were significantly different from those recorded during anaesthesia (table  IV) .
Non-esterified fatty acid concentration was determined only before premedication, at 60 min of anaesthesia, at extubation and 2 h after anaesthesia, and did not change significantly. It was different from that recorded during anaesthesia only at 2 h after anaesthesia (table IV) . PCV did not change significantly or differ from that recorded during anaesthesia (table IV) .
DISCUSSION
Cardiovascular and respiratory depression occurred on both occasions when ponies were anaesthetized. The reduction in haematocrit after induction may have been a result of increased uptake of red blood cells into the spleen, known to occur with both acepromazine and barbiturates [11] . This suggests that there was little sympathetic stimulation. Systemic arterial pressure decreased substantially, as is usual during halothane anaesthesia in the horse [2] . The slow return towards control values during anaesthesia may have been caused by carbon dioxide retention. The decrease in body temperature during anaesthesia was not unexpected as general anaesthesia depresses normal temperature homeostasis [12] . Fortier and Selye [13] used hypothermia during their investigations into the effects of stress as it produced a reliable adrenocortical response. Hypothermia may therefore increase the stress response to anaesthesia and surgery.
Hyperglycaemia developed in some animals during anaesthesia, as has been demonstrated previously for the horse [6, 14] ; comparison with the changes during "mock anaesthesia" suggests that anaesthesia was responsible. Hyperglycaemia occurs in man in response to anaesthesia and surgery [15] .
Fowden and others [8] demonstrated that starvation decreases plasma insulin concentration in ponies. Anaesthesia produced greater insulin depression than the same degree of starvation which took place during "mock anaesthesia." Failure of insulin secretion in the presence of hyperglycaemia indicates that the pancreatic beta cell response to hyperglycaemia is altered [15] . The results of this study indicate that anaesthesia alone produced this effect in ponies. The increase in insulin concentration immediately after induction of anaesthesia (not seen during "mock anaesthesia") probably reflects some effect of anaesthesia or recumbency. Transient vagal stimulation or pancreatic compression as the pony lay down are possible causes. Feeding induces a substantial response in insulin concentration in ponies [8] and the increase in insulin seen after the ponies were fed following both anaesthesia and "mock anaesthesia" followed a similar pattern.
Lactate concentration increased progressively during anaesthesia, but not "mock anaesthesia." Robertson [6] considered that an increase in lactate concentration after induction was caused by suxamethonium used during induction. Several factors such as increased muscle glycogenolysis, reduced muscle perfusion and hypoxaemia may increase lactate concentrations. Hall and others [16] considered that hyperlactataemia may be a feature of the metabolic response to surgery and reflects an increase in liver and kidney gluconeogenesis. Poor muscle perfusion with resulting anaerobic glycolysis may be responsible for the increase in lactate concentration. Changes in muscle perfusion were not measured in the present study, but it has been shown that muscle perfusion is reduced during halothane anaesthesia in horses [17] . Cooper and others [18] considered that reduction in muscle perfusion, by both halothane and extradural anaesthesia in man, may result in anaerobic metabolism.
The changes in concentrations of circulating non-esterified fatty acid induced by anaesthesia were unremarkable, but suggest that sympathetic activity was low during anaesthesia. This was evident also from the catecholamine data. It has been suggested that the reduction in non-esterified fatty acids recorded during anaesthesia and surgery in man may have been caused by the removal of preoperative fear and apprehension [16, 18] .
The increase in cortisol concentration in the horse during anaesthesia, but not "mock anaesthesia," suggests a considerable stress insult [19] . It is generally accepted that ACTH is the only physiological stimulus to glucocorticoid secretion [20] , and in the present study the increase in cortisol occurred in parallel with that in plasma concentration of ACTH.
The contribution of the increase in cortisol concentration to the overall metabolic changes is difficult to assess. It is generally regarded as a "permissive hormone" [15] and allows other catabolic hormones to exert effects. As the present study suggests that sympathetic activity was relatively low, the high cortisol concentration may have contributed to hyperglycaemia.
The unremarkable changes in liver and muscle enzymes and total protein demonstrated that there were no clinically significant effects on liver and muscle function and fluid balance.
Repetition of the experiments after 18 months showed that the induced stress response was not caused by lack of familiarity with the process of anaesthesia.
In this study, anaesthesia alone resulted in a substantial adrenocortical response, insulin suppression and stress related metabolic changes. These results contrast with the commonly held view that in man surgery, not anaesthesia, induces the stress response [4] . The difference may result partly from more intensive maintenance of normal function during anaesthesia in man. For example, normotension, normocapnia and normal acidbase balance are more rigorously (and more easily) maintained during clinical anaesthesia in man. Further studies to define more precisely which aspects of general anaesthesia constitute such an insult to the horse are the subjects of other reports [21] Although the ponies used in this study were relatively small members of the species, the findings should be representative of larger horses also, confirmed by studies in Thoroughbred horses [21] .
It is perhaps not surprising that anaesthetic risk is high in the horse, if commonly used anaesthetic techniques constitute a major insult even without the additional effects of surgery. Less "stressful" anaesthetic techniques should be sought for the horse.
